ABSTRACT The oleander aphid, Aphis nerii Boyer de Fonscolombe, feeds on milkweeds in the Apocynaceae family. In Kentucky, A. nerii colonizes several common Asclepias species and honeyvine milkweed, Cynanchum laeve (Michaux). Previous studies investigating whether and how host plant characteristics inßuence A. nerii Þtness have produced conßicting results. Our observations suggested that A. nerii more readily colonized C. laeve than Asclepias species. We hypothesized that aphid Þtness differed among host plant species having different characteristics, and speciÞcally, that A. nerii performance would be greatest on host plants having low cardenolide concentrations and few physical defenses. Physical and chemical characteristics were measured on C. laeve and three Asclepias species. Laboratory and Þeld experiments were conducted to compare A. nerii performance among these four milkweed species in the absence of natural enemies. Changes in aphid densities over time were examined in the presence of natural enemies. Plant characteristics and aphid performance were found to differ among milkweed species. In the absence of natural enemies, A. nerii performance was best on C. laeve. When exposed to natural enemies, A. nerii densities remained higher on A. incarnata and C. laeve than on A. syriaca and A. tuberosa. Physical differences between C. laeve, a vining milkweed, and tested Asclepias species may increase suitability of honeyvine milkweed for A. nerii colonization. Our results suggest that C. laeve may rely more on tolerance and less on nonpreference or antibiosis resistance to herbivores.
Herbivore performance can be inßuenced by host plant characteristics (Price et al. 1980) . Host plants respond to pressure exerted by herbivores by evolving characteristics that decrease damage from herbivory (Ehrlich and Raven 1964) . Evolved characteristics may include increases in physical defenses, the production of secondary chemicals, or the development of tolerance to herbivore feeding. Although secondary chemicals offer host plants protection from generalist herbivores, they also increase the plantsÕ attractiveness for specialist arthropods that may sequester these chemicals for their own defense. This phenomenon, termed the lethal plant defense paradox, suggests that investment in secondary chemicals by plants may inadvertently enhance the Þtness of specialist herbivores, although simultaneously reducing plant Þtness (Malcolm and Zalucki 1996) . Other host plant species may invest more heavily in rapid growth than in the production of defensive structures and secondary metabolites (Herms and Mattson 1992) . Such plants are likely to be less resistant, but more tolerant to herbivore feeding.
Milkweeds and the herbivores that feed on them provide a model system for examining insectÐ host plant interactions. Physical and chemical characteristics of milkweeds can deter insect feeding. Herbivores may be discouraged by milkweed leaf toughness, trichomes, latex, and cardenolides. Cardenolides differ quantitatively and qualitatively among milkweed species (Brower et al. 1984 , Martel and Malcolm 2004 , Rasmann et al. 2009 ), within different populations of the same species (Rothschild et al. 1975 ) and even within a plant (Bowers and Stamp 1997) . Further, cardenolide levels may vary seasonally (Pugalenthi and Livingstone 1997) and geographically (Brower et al. 1972) .
The oleander aphid, Aphis nerii Boyer de Fonscolombe, specializes on members of the Apocynaceae family and commonly is observed feeding on several species of milkweeds and oleander (Martel and Malcolm 2004) . The ability of A. nerii to sequester toxic cardenolides from its host plants has been well documented (Rothschild et al. 1970 , Brown and Weiss 1971 , Malcolm 1990 .
Variation in host plant characteristics may inßuence A. nerii Þtness and population dynamics (Agrawal 2004) . Botha et al. (1977) suggested that the presence or absence of cardiac glycosides was an inßuential factor affecting colonization of hosts by A. nerii. Milkweed species and even cultivars of the same species have different levels of resistance to A. nerii colonization (Braman and Latimer 2002) . Aphis nerii performance differed between ecotypes of Asclepias curassavica L. (Pugalenthi and Livingstone 1997) . Conversely, other studies have found that A. nerii population dynamics did not differ among Asclepias species having different physical and chemical characteristics (Malcolm 1992 , Groeters 1993 , Martel and Malcolm 2004 .
In Kentucky, A.nerii colonizes common milkweed, Asclepias syriaca L.; swamp milkweed, Asclepias incarnata L.; butterßy weed, Asclepias tuberosa L.; and honeyvine milkweed, Cynanchum laeve (Michaux). Physical and chemical characteristics differ among these Asclepias species (Duffey 1970 , Agrawal 2004 ). Liede and Kunze (2002) demonstrated distinct taxonomic differences between old-and new-world Cynanchum species, however C. laeve has not been examined for cardiac glycosides. Honeyvine milkweed grows abundantly in Kentucky along roadsides and within agricultural Þelds. Although little research has focused on insects feeding on this milkweed species, it has been observed as a common host for A. nerii.
We hypothesized that A. nerii performance would be inßuenced by milkweed species and, speciÞcally, that aphid performance would be greater on milkweeds having few physical defenses and lower cardenolide concentrations. In light of our Þeld observations, we hypothesized that C. laeve contains fewer physical and lower chemical defenses than A. incarnata, A. syriaca, and A. tuberosa. Our objectives were to determine if A. nerii performance is affected by host plant species and, if so, to determine how milkweed characteristics inßuence aphid performance.
Materials and Methods
Milkweed seeds were collected from split seed pods in natural stands of A. syriaca, A. incarnata, and C. laeve near Lexington, KY. Seeds of A. tuberosa and Asclepias curassavica L. were purchased from W. Atlee Burpee & Co (Warminster, PA). Seeds were vernalized and stored in a refrigerator for 2 wk before being planted three per 500 ml pot in a 1:1 Premier Pro-mix: indigenous top soil mixture. Plants were watered every other day. No additional fertilizer was provided.
Aphis nerii colonies were established by transferring Þeld collected aphids from C. laeve, A. incarnata, and A. syriaca to A. curassavica plants in a greenhouse. Aphids underwent at least eight generations on A. curassavica before being used in studies to remove any possible predisposition toward the milkweed species used in the experiments (C. laeve, A. incarnata, A. syriaca, and A. tuberosa Greensboro, NC) . The sheeting prevented the areas in which milkweeds were planted from being treated with herbicide. Sheeting was removed after treatment and 1-mo-old milkweed plants were transplanted into each plot with plants spaced 1.8 m apart. Within each plot, plants were arranged in a randomized complete block design with four blocks. Each milkweed species was represented once per block for a total of 16 plants per plot. All plants were provided stakes (measuring 2.5 cm by 5 cm by 1.8 m) for support. Supplemental water was provided as needed. Weeds within and around plots were controlled manually for the remainder of the experimental period. Plots were separated by Ͼ100 m and were identical at establishment, except that randomization of plant location within blocks was done independently for each plot. Dead plant material was removed in spring and plants were allowed to regenerate naturally. Instead of allowing both plots to regenerate in the third year, plot 1 was destroyed and a new plot was established 20 m from that plot on 25 May 2010. As before, 1-mo-old plants were transplanted into the plot in a completely randomized block design with four blocks. Plant locations within blocks were newly randomized.
Physical Characteristics of Milkweed Plants. Milkweed samples were collected from established Þeld plots. Characteristics were measured on eight individual plants for each species. Unless otherwise noted, all measurements were taken on two opposing leaves from each milkweed plant and recorded values for each characteristic were averaged for the two leaves from each plant. Only intact, newly, and fully expanded leaves from uninfested plants Ͼ1-yr-old were used to measure characteristics.
Latex. Leaf blades were clipped 0.5 cm from the leaf petiole and latex was allowed to exude freely from the plant until stopping (Ϸ10 s) onto a previously weighed disc (1-cm-diameter) of Þlter paper. Discs were dried and weighed. The difference between disc weight before and after latex collection determined latex mass.
Trichomes. Trichome density was determined from photographs of 1-by 2-mm areas on the lower surface of leaf blades. A dissection microscope equipped with an Auto-Montage System, JVC LY-F75U model (GT Vision, Hagerstown, MD) was used to take photographs at 50ϫ magniÞcation. One photograph was taken 0.5 cm distal to the petiole and blade junction of each leaf sampled. Use of photographs to determine trichome density prevented damage to uncounted trichomes during the counting process and allowed counting to occur when most convenient. In all cases, photographs included half midrib and half adjacent blade area.
Toughness. Toughness of leaf blades and midribs was measured using a force gauge penetrometer, model EG2 (Mark-10 Corporation, Long Island, NY) that was Þtted with a 0.08-cm-diameter probe. In all cases, one measurement was taken at the midpoint between the leaf apex and petiole on the upper and lower surface of the midrib and the adjacent blade area (i.e., four values recorded per plant).
Specific Leaf Weight and Water Content. The wet mass of leaves was determined to the nearest 0.1 mg. Leaf area was measured using a leaf area meter (Li-Cor Environmental, Lincoln, NE). Leaves were freeze-dried for 72 h and reweighed. A simple calculation ([wet mass Ϫ dry mass]/wet mass) was used to estimate the water content per leaf. SpeciÞc leaf weight was calculated by dividing dry leaf mass by leaf area.
Carbon and Nitrogen. Combustion analysis was used to determine nitrogen content and total leaf carbon. Leaves were collected, weighed, and freezedried for 72 h. Dried leaf material was weighed and combusted in an NC Analyzer (Flash EA 1112 Series, Thermo Electron Corporation, Marietta, OH). Nitrogen and carbon concentrations were reported as percentages of dry leaf mass.
Cardenolide Analysis. Leaves were collected from 4-mo-old and Ͼ1-yr-old milkweed plants (from plots 1 and 2, respectively, in 2010). Given that cardenolide concentrations have been reported to vary over time, we analyzed 4-mo-old plants to provide a second plant age for comparison. Newly and fully expanded leaves were collected, freeze-dried for 72 h, and powdered with pestle and mortar. For milkweeds Ͼ1-yr-old, two leaves from the same node were collected once monthly from the same plants beginning in May 2010 and continuing through August 2010. For 4-mo-old milkweeds, samples were collected only once.
Eighty milligrams of leaf powder from each sample were extracted in 2.5 ml of acetone (Fisher, Pittsburgh, PA) in a sonicating water bath for 1 h to remove chlorophyll. Residual acetone was removed by Þltra-tion through Þlter paper. After drying, leaf powder was extracted in 2.5 ml of 95% ethanol (EtOH) in a sonicating bath for 1 h. Powdered material was Þltered from extracts by using 3-ml Luer-Lok tip syringes Þtted with AcrodiscCR 13-mm syringe Þlters (Pall Gelman Laboratory, Ann Harbor, MI). Samples were analyzed using spectrophotometry and liquid chromotagraphy. For both techniques, digitoxin (SigmaAldrich, St. Louis, MO) was used as an internal standard.
Spectrophotometry. Methods described by Dobler and Rowell-Rahier (1994) and Aromdee et al. (2005) were modiÞed and used for cardenolide analysis. The assay allowed measurement of the C23 Þve-member unsaturated lactone ring characteristic of cardiac glycosides. A 200-l aliquot of plant extract was combined with 200 l of 95% EtOH containing 50 g of digitoxin in a glass cuvette. KeddeÕs reagents, namely 100 l of 3, Þve dinitrobenzoic acid (2%), and sodium hydroxide (5.7%), each were added to the sample. Positive reactions were indicated by the development of a violet hue in the solution. Samples were analyzed on a Biomate three Spectrophotometer at 536 nm 2 min after reagent addition. The cuvette was rinsed twice with distilled water and once with 95% EtOH between samples to prevent false positives from residues. The optical density of each sample was measured against a blank reaction of 95% EtOH and the KeddeÕs reagents. A standard curve representing 0 Ð250 g of digitoxin was prepared concurrently with sample analysis. The absorbance for the internal standard was subtracted from the total absorbance for each sample, so that the remaining absorbance was because of the extract alone. In all cases, absorbance was reported as milligrams per gram digitoxin equivalents.
Liquid Chromatography. Compressed nitrogen gas was used to remove ethanol from each sample solution. Once dried, samples were redissolved in 0.25 ml of 100% methanol. Chromatography of plant samples was carried out at a ßow rate of 1.5 ml/min on a Waters Radial-Pak Cartridge Column (8MBC18, 10 m) contained in a Waters Z-module radial compression module on a high performance liquid chromatograph (HPLC) consisting of a Waters UGK injector and Waters M-45 HPLC pumps. Runs were managed with a Waters Automated Gradient Controller and the Waters model 480 Lambda Max LC spectrophotometer set at 218 nm (all Waters products are from Waters Corporation, Milford, MA). Cardenolides were eluted with an acetonitrile-water gradient as follows: 10% acetonitrile (A) for 3 min, followed by a straight line gradient to 100% A in 30 min, held at 100% A for 2 min after which the solvent was taken back to 10% A in 10 min. Cardenolide presence was conÞrmed by selectively collecting individual peaks during HPLC analysis. Peaks were concentrated to Ϸ2 ml by using nitrogen gas and conÞrmed with KeddeÕs reagents. For each sample, cardenolide concentration was determined by calculating the total peak area (for peaks reacting positively with KeddeÕs reagents) and converting total area to milligrams of dry cardenolide per gram of digitoxin equivalent. HPLC was used primarily to conÞrm trends observed during photometric analysis, so only a quarter of the samples were analyzed via liquid chromatography.
Aphid Performance in the Absence of Natural Enemies
In the Field. Aphid performance on C. laeve, A. incarnata, A. syriaca, and A. tuberosa was investigated in August 2008. Each plant in Þeld plot 1 was infested manually by placing two apterous A. nerii reared from A. curassavica (in the greenhouse) at the apex of plant in the Þeld plot on 7 August. Once infested, plant apexes were covered securely with a sleeve cage. Sleeve cages were prepared from bleached muslin cloth by sewing fabric bags measuring 20 cm in diameter and 43 cm in length. A wire frame was used to shape each bag. The open end of the bag had a drawstring that could be tightly closed around the stem of a milkweed plant without causing damage or permit-ting insect passage. Apterous aphids were allowed to reproduce for 48 h. After this time, the two apterous A. nerii were removed and their offspring were thinned to 10. Aphids were allowed to grow on the milkweed plants for 11 d. Sleeve cages contained plant material and aphids were harvested on 20 August. The total number of A. nerii per plant was determined.
In the Laboratory. Milkweeds, (i.e., C. laeve, A. incarnata, A. syriaca, and A. tuberosa) , were grown in a greenhouse for 1 mo, at which time all plants had 6 Ð 8 developed leaves. In the laboratory, plants were isolated from each other by placing a transparent Plexiglas cylinder into the rim of each 500-ml pot. A piece of unbleached muslin fabric covered the open end of the cylinder and was held in place with a rubber band. Experimental insect methods mimicked those used to measure aphid performance in the Þeld. Each plant was infested manually by placing two apterous A. nerii reared from A. curassavica at the plant apex. Once infested, plants were arranged in a randomized complete block design (each species represented once per block) with eight blocks (32 total plants). Apterous aphids were allowed to reproduce for 48 h. After this time, the two apterous A. nerii were removed and their offspring were thinned to 10. Aphids were allowed to grow on the milkweed plants for 11 d at 24ЊC on a photoperiod of 15:9 (L:D) h (disturbed only for watering). Plants then were harvested destructively and the total number of A. nerii per plant was determined.
Aphid Density When Exposed to Natural Enemies. In 2009 and again in 2010, plants in Þeld plot 1 were monitored for A. nerii infestations by weekly inspections until at least 25% of all plants exhibited aphid colonies. Thereafter, aphid density was measured weekly for 6 wk during both years. All A. nerii within a 1.0-cm 2 area were counted on selected leaves and stems of each plant within the Þeld plot. Density was measured on leaves and on stems that existed halfway between the midpoint of colony infestation and colony end (in both directions) for a total of four (two leaf and two stem) measurements per plant (Fig. 1) . If no leaves were present exactly halfway between the midpoint of colony infestation and colony end, the leaf closest to this point was selected.
Aphid Size. The size of apterous A. nerii was compared among milkweed host plant species. From each milkweed species, four samples of 30 apterous A. nerii were selected randomly from natural infestations on C. laeve, A. incarnata, A. syriaca, and A. tuberosa. Aphids were weighed as a sample to the nearest 0.1 milligram. Total mass was divided by 30 to determine the average mass of a single apterous A.nerii.
Aphid Cardenolide Analysis. To determine if cardenolides were present in A. nerii, several hundred aphids were collected from each milkweed species (A. incarnata, A. syriaca, A. tuberosa, and C. laeve) in the Þeld. Aphids were rinsed with distilled water and freeze-dried. Dried aphids were powdered, weighed to 80 mg, and extracted in 95% EtOH for 1 h in a sonicating bath. Extracts were syringe Þltered and subjected to the photometric analysis described in Cardenolide Analysis.
Statistical Analysis
Plant Characteristics. Separate one-way analyses of variance ((ANOVA) were used to determine if latex, trichome density, midrib toughness, blade toughness, speciÞc leaf weight, proportion of water, and carbon or nitrogen content differed signiÞcantly among milkweed species. Cardenolide concentrations (determined by photometric technique) of 4-mo-old and Ͼ1-yr-old plants were analyzed using a one-way ANOVA to determine if differences existed among milkweed species. A repeated measures ANOVA was used to determine if cardenolide concentration differed signiÞcantly among milkweed species over time. Means and standard errors are reported for samples (milligrams per gram dry tissue) measured using HPLC.
Aphid Performance. An ANOVA was used to determine if aphid performance differed among milkweed species for the Þeld sleeve cage and laboratory experiments. Aphid leaf and stem densities were square root transformed and analyzed using repeated measures ANOVAÕs. Each year was analyzed independently for experiments conducted over multiple years. A one-way ANOVA was used to determine if aphid size differed among milkweed species. Means and standard errors were determined for concentration of cardenolides found in A. nerii from different host plant species. Statistical analyses were conducted using Statistix 8 (Analytical Software, Tallahassee FL).
Results
Physical Characteristics of Milkweed Plants. Latex (F ϭ 101.6; df ϭ 3, 56; P Ͻ 0.001); trichome density (F ϭ 169.3; df ϭ 3, 67; P Ͻ 0.001); leaf toughness (midrib: F ϭ 8.5; df ϭ 3, 28; P Ͻ 0.001; blade: F ϭ 4.4; df ϭ 3, 28; P ϭ 0.01); speciÞc leaf weight (F ϭ 3.3; df ϭ 2, 28; P Ͻ 0.05); and carbon content (F ϭ 3.1, df ϭ 3, 48, P Ͻ 0.05) were found to differ signiÞcantly among milkweed species. Neither the proportion of water (F ϭ 0.9; df ϭ 3, 8; P ϭ 0.47) nor foliar nitrogen (F ϭ 0.4; df ϭ 3, 48; P ϭ 0.77) varied among milkweed species (Table 1) .
Cardenolide Analysis. Photometric analysis revealed that cardenolide concentration varied among milkweed species (4 mo: F ϭ 70.5, df ϭ 3, 28; P Ͻ 0.001, Ͼ1-yr-old: F ϭ 23.5, df ϭ 3, 28; P Ͻ 0.001) ( Table 2 ). In addition to varying signiÞcantly among species, cardenolide concentration varied across a seasonal gradient (F ϭ 51.4; df ϭ 3, 35; P Ͻ 0.001). Cardenolide concentrations remained relatively low and stable over time in all species except for A. incarnata (Fig. 2) .
Although statistical inferences were not made for HPLC data, trends were similar to those observed from photometric analyses (Tables 2 and 3) . Peaks occurring between 12 and 22 min reacted positively with KeddeÕs reagents. The number of these peaks varied among milkweed species with C. laeve, A. incarnata, A. syriaca, and A. tuberosa having 5, 10, 7 , and 9 distinctive peaks, respectively.
Aphid Performance in the Absence of Natural Enemies. Aphid performance differed signiÞcantly among milkweed host plant species (Þeld: F ϭ 5.4; df ϭ 3, 9; P Ͻ 0.03; laboratory: F ϭ 5.5; df ϭ 7, 53; P Ͻ 0.01) (Fig. 3) . With the exception of one case (aphids on A. syriaca in the laboratory), aphids performed signiÞ-cantly better on C. laeve than on any of the Ascelpias species tested in the Þeld and in the laboratory.
Aphid Density When Exposed to Natural Enemies.
Targeted levels of Ն25% of plants infested were reached in the Þeld on 15 August 2009 and 2 September 2010. A main effect (i.e., across all weeks) was not observed for aphid density on leaves of different host plant species during either year (2009: F ϭ 2.2; df ϭ 3, 12; P ϭ 0.15; 2010: F ϭ 1.4; df ϭ 3, 12; P ϭ 0.29) (Fig.  4A and B) . However, the effect of sampling week (2009: F ϭ 8.9; df ϭ 5, 60; P Ͻ 0.001; 2010: F ϭ 29.5; df ϭ 5, 60; P Ͻ 0.001) and the interaction between milkweed species and sampling weeks were signiÞcant (2009: F ϭ 2.5; df ϭ 15, 60; P ϭ 0.005; 2010: F ϭ 3.4; df ϭ 15, 60; P Ͻ 0.001). The density of aphids on stems differed signiÞcantly among host plant species (2009: F ϭ 6.9; df ϭ 3, 12; P Ͻ 0.01; 2010: F ϭ 14.7; df ϭ 3, 12; P Ͻ 0.001) and across weeks (2009: F ϭ 4.3; df ϭ 5, 60; P Ͻ 0.01; 2010: F ϭ 20.1; df ϭ 5, 60; P Ͻ 0.001) (Fig.  4C and D) . A signiÞcant treatment-by-week interaction was observed in 2010, but not in 2009 (2009: F ϭ 1.1; df ϭ 15, 60; P ϭ 0.39; 2010: F ϭ 14.7; df ϭ 15, 60; P Ͻ 0.001). Plant senescence in late 2010 resulted in a drastic decrease of A. nerii in the Þeld (Fig. 4B and D) .
The size of apterous aphids varied among milkweed species (F ϭ 12.4; df ϭ 3, 12; P Ͻ 0.001). Aphids occurring on C. laeve were signiÞcantly larger than aphids occurring on tested Asclepias species. Aphis Means within rows followed by the same letter are not signiÞcantly different (P Ͼ 0.05, protected LSD). . laeve, A. incarnata, A. syriaca, and A. tuberosa, respectively) . Aphids from all milkweed species tested positive for cardenolides. Eighty milligrams of dried, powdered aphids were found to have 0.45 Ϯ 0.00, 0.57 Ϯ 0.02, 0.56 Ϯ 0.00, 0.48 Ϯ 0.01 mg of cardenolides from C. laeve, A. incarnata, A. syriaca, and A. tuberosa, respectively .
Discussion
When isolated from natural enemies, aphid performance was greater on C. laeve than on tested Asclepias species. Apterous aphids collected from C. laeve in the Þeld were signiÞcantly larger than A. nerii collected from tested Asclepias species. Physically, honeyvine milkweed may be more suitable than tested Asclepias species for aphid colonization. Leaves of this species are less tough, exhibit fewer trichomes, and contain less carbon. Generally, A. nerii used stems of C. laeve more than stems of Asclepias species. Given that midribs of older C. laeve plants are less tough than those Concentrations reported as mg/g digitoxin equivalents. Fig. 3 . Mean Ϯ SE performance of A. nerii in the absence of natural enemies. A. In the Þeld (n ϭ 16). B. In the laboratory (n ϭ 64). Different letters indicate signiÞcant differences among milkweed species (P Ͻ 0.05, protected LSD). In addition, C. laeve exhibits rapid growth. Bartholomew and Yeargan (2001) reported that C. laeve plants had an average of 120 leaves and a height of 2.5 m by late June compared with 25 leaves and a 1.2 m height of A. syriaca. The apparent lack of physical defenses and rapid growth suggests that C. laeve may rely more on tolerance and less on nonpreference or antibiosis resistance to herbivores. Our Þndings concur with the growth-differentiation balance hypothesis, which suggests that plants allocating resources toward rapid growth will likely be less resistant to herbivores (reviewed by Herms and Mattson 1992) . Conversely, plants investing in secondary metabolites or structural defenses may divert resources from primary growth; reducing leaf generation. Furthermore, plants that have limited access to sunlight often have a decreased resistance to herbivores (Herms and Mattson 1992) . Although often found growing in shaded environments, including corn and soybean Þelds, C. laeve also grows abundantly along fence lines and disturbed areas that receive extensive sunlight. Because of the vining growth of this species, large portions of C. laeve are shaded by newer, younger growth. As a result, much of the plant remains shaded even when C. laeve occurs in nonshaded environments. Aphis nerii colonies frequently were observed in areas of shaded growth on this host plant species.
In 2009, high numbers of aphids also were recorded on the stems of A. incarnata. Aphids on A. incarnata remained concentrated on small stems at the base of umbels compared with C. laeve, where aphids colonized entire stems. Aphids were observed to avoid leaf midribs as well as stems of A. syriaca and A. tuberosa and instead colonized terminal growth and the upper surfaces of leaf blades.
Structural attributes of milkweed species, particularly trichomes, may play a role in A. nerii locomotion and settling. Cynanchum laeve and A. incarnata exhibited fewer trichomes than A. tuberosa or A. syriaca. Although A. syriaca is densely pubescent, trichomes on this species are uniform in length and pliable. Trichomes of A. tuberosa are rigid and inconsistent in length compared with other tested species. Aphid navigation and settling may be less hindered by trichomes on A. syriaca than those on A. tuberosa.
The effect of latex on A. nerii performance, if any, appears to be minimal. Both C. laeve and A. tuberosa leaves contain a low volume of latex. Although aphid performance was greatest on C. laeve, it was poorest on A. tuberosa. The selective feeding behavior by A. nerii, (described by Botha et al. 1977) , may allow the aphid to circumvent latex canals. Poor aphid performance on this species may also reßect the high carbon content of young A. tuberosa leaves. Carbon may impede nitrogen removal by phloem feeders (Agrawal 2004) .
All four of the milkweeds examined tested positive for cardenolides. Similar concentrations of these chemicals were recovered from aphids regardless of aphid host plant species. As such, cardenolides did not appear to inßuence the interactions between the oleander aphid and these four milkweed species. Our evidence indicates that aphid performance was more inßuenced by physical traits than by secondary metabolites.
Honeyvine milkweed occurs from Pennsylvania to eastern Nebraska and southward to Texas and northern Florida (Southern Weed Science Society 2001). In Kentucky, honeyvine milkweed commonly is found along roadsides and in disturbed areas, including agricultural systems. In fact, C. laeve is the third most abundant weed in Kentucky soybean Þelds (Green and Martin 2000) . Despite its widespread occurrence, this species is mentioned infrequently in entomological literature. Although its suitability as a host for monarch caterpillars has been investigated (Bartholomew and Yeargan 2001, Yeargan and Allard 2005) , no previous research has focused on the relationship between C. laeve and A. nerii. Aphis nerii frequently colonizes this species in the Þeld and the suitability of C. laeve for A. nerii colonization was demonstrated in our study. Furthermore, our research is the Þrst to document the presence of cardenolides in C. laeve. The proximity of C. laeve and other milkweed species to agricultural systems provides an opportunity for biological control agents that attack crop pests to use A. nerii as an additional resource. Given that A. nerii Þtness varies among milkweed species, biological control agents may also be affected differently when using this aphid from different host plant species.
